Introduction
Great changes have taken place in China's health care industry since 1949. There are increasing numbers of health care resources for the Chinese to choose from, and most people are living longer lives, in better health. However, there is still a marked disparity in the distribution of China's health care resources, which has led to some social conflicts. Such a situation is contrary to the ethos of the Communist Party of China and China is trying her best to solve this problem. During its 17th National Congress, the Communist Party of China made it clear that "universal access to basic health care services" is the goal of China's medical and health care development. In 2010, Wen Jiabao, the then premier of the People's Republic of China, wrote in one of his papers that, by 2020, China should establish a basic medical and health service system which comprehensively covers both the urban and rural areas, and that all Chinese should be able to enjoy basic health care services.
It is particularly relevant to carry out research on the inequalities in the distribution of health care resources in China in order to enable the country to allocate her finite health care resources to include areas where these could ensure the maximum social benefits.
Literature review
Researchers are very focused on the equality of health care resource distribution. The literature shows that there are three distinct approaches to this research: Firstly, many researchers start from a medical viewpoint, studying the health care resources based on medical knowledge, especially in respect of the distribution of health care resources relevant to particular diseases, while less attention is paid to research based on economics. For example, previous studies (1-3) explored the inequality of health care resource distribution in the fields of cancer, children's health and mal-nutrition, and musculoskeletal issues, respectively. Secondly, some researchers have paid greater attention to the factors, which influence the extent of inequality of medical, and health resource distribution. For example, Asante (4) studied the factors affecting the equality of health care resource distribution in Ghana, while other scholars (5) probed the factors that influence the level of utilization of medical and health resources in Australia. Further research into the decision criteria for health care resource distribution was conducted by Lalla A da Guindo (6) . Although some research exists on the equality of health care resource distribution in developing countries, such as that of Vivian Welch (7) , most studies have concentrated on developed countries, with there being only limited study of developing countries such as China and India. Therefore, thirdly, although research conducted by Zhang Xiaoyan et al. (8) (9) (10) (11) has related to medical and health care resource distribution in China, their research has been from the viewpoint of a single province or city, and has not looked at the country as a whole.
As to research methods, most literature uses quantitative indicators as the analysis instruments for the equality of health care resource distribution. These include the Atkinson index (12), the Theil index (13), the coefficient of variation (14) and the Gini Coefficient (15) . In this paper, we measured the degree of inequality of the demographic and geographic distribution of health care resources in China, by analyzing them using a Lorenz Curve and Gini Coefficient approach.
Data resources and research methods

Data resources
To inform our proposed research methods and purposes, we collected data on the total populations, geographic areas, the number of health care institutions, the number of beds in health care institutions and the number of medical personnel for 31 provinces (autonomous regions and municipalities) in China. Because of data inconsistence, the Hong Kong and Macao Special Administrative Regions and Taiwan province were not included. All of the data were taken from China Statistical Yearbook 2014.
Comparison of methods for measuring inequality 1) The statistical distribution method
One of the most important methods for measuring inequality is the Statistical Distribution Method. According to Chen Jiandong (16), there are two kinds of statistical distribution function. One is the type of distribution function with no more than two parameters; the other is that with more than two parameters. The Pareto distribution (17) , Lognormal distribution (16), Gamma distribution (18), Weibull distribution (19), Log-logistic distribution (20) and Lomax distribution (21) are the most common distribution functions with only two parameters. The Paretolognormal distribution (22) , Log-gamma distribution (23) , Generalized beta distribution of the second kind (24) and the Dagum distribution (25) are the most common distribution functions available for working with more than two parameters. Although several varieties of distribution function exist, and each has its advantages, few of them can be used effectively to fit all the different types of resource distributions, which imply that the practical application of the methods described above is limited.
2) Indicator methods
Using indicators is a very broad approach to measuring inequality, as this can include both absolute and relative indicators. According to Wan Guanghua (26), the Kolm index (27) is the best known of the absolute indicators, while, of the relative indicators, the Atkinson index, Theil index, coefficient of variation and the Gini Coefficient are those, which are familiar to most people. The main feature of the Kolm index is that its value is closely connected with the units of measurement. Given this, it is essential to conduct nondimensionalization when we analyze data using the Kolm index. If not, large deviations will occur. One of the main features of the Atkinson index is its ability to reveal the inequality of resource distribution. However, when we analyze data with the Atkinson index, the social welfare function corresponding with it simply takes into consideration the quantity of the resources shared by the whole population, without considering the relative position of each person on the ladder of possession of resources. The Theil index ranges in value from 0 to 1. The smaller the value, the fairer the distribution of resources, and vice versa. Compared with the Gini Coefficient, the Theil index is more likely to overestimate inequality. The coefficient of variation is the ratio of the standard deviation to the mean, and is used to reflect the degree of dispersion. The bigger its value is, the higher the degree of dispersion, and vice versa. Unfortunately, the main drawback of the coefficient of variation is that it fails to describe the dispersion within groups adequately.
3) Lorenz Curve and the Gini Coefficient Method
The Gini Coefficient is frequently used as an index to reflect the inequality of income distribution. The value of the Gini Coefficient varies from 0 to 1. A region with complete equality will have a value of 0 while a region with no equality will be denoted by 1. According to general international standards, a Gini Coefficient that is smaller than 0.3 represents a particularly equitable condition, 0.3-0.4 is the normal condition, while greater than 0.4 raises concern, and a value greater than 0.6 indicates a dangerous state. The Lorenz Curve (28) was first developed by the America statistician Max O. Lorenz in 1905, as a graphical representation of income distribution. The X-axis represents the cumulative percentage of the population, ranked in increasing order of income -that is, beginning with those people with the lowest incomes and ending with those with the largest. The Y-axis represents the cumulative percentage of the income of the corresponding percentage of the population. The line between the origin of the coordinates and the corresponding vertex is the line of perfect equality. The actual extent of inequality is reflected by the area between Lorenz Curve and the line of perfect equality. Thus, the less deviation from the line of perfect equality, the more even the distribution. The Gini Coefficient calculated based on the Lorenz Curve is an ideal index for measuring the extent of inequality. In this paper, the Lorenz Curve and Gini Coefficient have been chosen to study the equality of health care resource distribution across China, as they are truly able to reflect the current situation in this respect.
Comparative analysis of inequality in health care resource distribution within China
For this paper, 31 regions (provinces, autonomous regions and municipalities) in China were studied and the number of health care institutions, the number of beds in health care institutions, and the number of medical personnel were used as the indicators of health care resources in each region. 
Overall comparative analysis of three zones (East, Central and West)
The basic situation regarding the distribution of health care resources in China is shown in Table 1 . In order to compare the differences, we allocated the 31 regions into those of the eastern, central and western zones. Thus, the overall situation is shown in Fig. 1 . Fig. 1 shows that the east obviously has advantages over both the central and western zones, whether it is in the number of health care institutions, the number of beds in health care institutions or the number of medical personnel. The mean level of health care resources in the east is 1.274 times that in the central area, and 1.386 times that in the west. Fig. 1 also clearly shows that, in respect of the number of medical personnel, the west is especially lacking, some regions of the latter zone having up to 1.623 times fewer. Overall, the central zone is superior to the west in all respects, although the difference between the two zones is barely 1.083 times in average.
Comparative analysis of per capita health care resource distribution in different regions
In order to have a better understanding of the situation of per capita health care resource distribution in different regions, we calculated the per capita resources, and sorted the data by the number of health care institutions per 10,000 persons. The data are given in Table 2 . From the perspective of the number of health care institutions per 10,000 persons, we can roughly divide the regions into four groups. Those regions with 5 or fewer institutions per 10,000 persons are classified into the first group. The second group was greater than 5 but less than 10. Similarly, the third group was from 10 to 20. The number of Tibet is greater than 20, and Tibet falls into the fourth group. We can see from the above data, that the number of health care institutions per 10,000 persons ranges chiefly from 5 to 10, and this includes 2/3 of the regions. Meanwhile, what can also be seen is that the differences between regions are extremely significant. Shanghai is the most salient case, having the fewest institutions per 10,000 persons (2.041), while Tibet has the most institutions per 10,000 persons (21.552), the latter figure being more than 10 times larger. Based on the per capita number of beds in health care institutions, chiefly between 4 and 6, the disparity between the different regions is not as great. That means, the distribution of beds in health care institutions across the regions is relatively fair.
From the standpoint of the number of medical personnel per 10,000 persons, mainly between 60 and 80, the differences between the 31 regions are generally significantly smaller than the differences in the number of health care institutions per 10,000 persons.
Comparative analysis of health care resource distribution in different geographical areas
In order to analyze further, the situation in respect of health care resource distribution in different regions, we considered the actual geographical area, computed the resources per unit area, and then sorted the data by the number of health care institutions per unit area, as shown in Table 3 . What we can see from the table is that the differences are dramatic, regardless of whether we consider them from the perspective of the number of health care institutions per 10,000 square kilometers, the number of beds in health care institutions per square kilometer or the number of medical personnel per 10,000 square kilometers. Simply focusing on the number of health care institutions per 10,000 square km; it is not hard to see that Tibet has the fewest, with a value of 54.76, while the largest value belongs to Shanghai, with 7823.81, the latter value being 143 times greater. For the number of beds in health care institutions per square kilometer, the corresponding maximum value is 1850 times greater than the minimum. In the case of the number of medical personnel per 10,000 square kilometers, the disparity is 1520 times. This means that difference in health care resource distribution, by geographical area, between the different regions is exceedingly large, and the distribution of health care resources per unit area shows significant inequality. Although such comparative analysis means that we can readily appreciate the marked disparity of health care resource distribution across the different regions, it is inevitable that there is bias due to the simple comparison of single indicators. For a more thorough understanding of this inequality, we can investigate it more deeply by using the analysis tools, which have been developed to research income inequality in economics -the Lorenz Curve and the Gini Coefficient.
Relative theory on measuring inequality of health care resource distribution with the Lorenz Curve and Gini Coefficient Method
Different methods of calculating the Gini Coefficient
The general algorithm for calculating the Gini Coefficient uses the area enclosed by the Lorenz Curve and the line of perfect equality, A, and the area located to the bottom right of the Lorenz Curve, B, as shown in Fig. 2 .
Here, the Gini Coefficient According to Zhou Qinghua (29), algorithms for obtaining the Gini Coefficient can be roughly classified into three types, the slab method, the curve fitting method and the bow area method. We can estimate the Gini Coefficient with any of the three methods above, yet the accuracy of estimation differs, depending on the method used. For the slab method, the more segmented the small parts are, the higher the agreement of the estimated and actual values. Furthermore, the accuracy of estimation is related to the gentleness of the Lorenz Curve. The gentler the Curve, the more accurate the estimate. For the curve fitting method, the accuracy of estimation depends on the merits of the fitted curve, so, the better the curve function Y, the more accurate the estimate. For the bow area method, the calculated Gini Coefficient becomes more accurate the greater the curvature of the Lorenz Curve.
Basic idea for assessment of health care distribution with the Lorenz Curve and Gini Coefficient
With the help of this concept, we take the cumulative percentage demographically (or by geographic area) as the X-axis and take the cumulative percentage of health care resources as the Y-axis.
Then we plot the Lorenz Curve with the cumulative percentage demographically (or by geographic area) ranked by the level of health care resources against the cumulative percentage of health care resources corresponding to the population (or geographic area) values, to indicate the equality of health care resource distribution demographically (or by geographic area). As discussed, we are able to construct a Lorenz Curve based on units of population (or by geographic area) and the health care resources available. Supposing the area B is divided into n parts by the aid of the integral thought with each part being regarded as a small rectangle. We can then obtain the Gini Coefficient from:
where i Y is the cumulative percentage of health care resources, and i X is the cumulative percentage of the population (A corresponding approach can be used to obtain the Gini Coefficient in respect of distribution by geographic area).
Analysis based on the Lorenz Curve and Gini Coefficient Method
The Lorenz Curve of health care resource distribution assessed against population Based on the data in Table 1 , we computed the number of health care institutions per 10,000 persons. Then we ranked the regions by this indicator and calculated the cumulative population, the cumulative number of health care institutions, the cumulative percentage of the population and the cumulative percentage of health care institutions. The results are shown in Table 4 . As shown in Fig. 3 , we can construct a Lorenz Curve for these figures by defining the X-axis as the cumulative percentage of the population and defining the Y-axis as the cumulative percentage of health care institutions. Similarly, Lorenz Curves for the distribution of the number of beds in health care institutions and for the distribution of medical personnel per unit of population can be drawn, as shown in Fig. 4 and Fig. 5 respectively. Figures 3, 4 and 5 show that the separate Lorenz Curves of the distribution of health care institutions, beds in health care institutions, and medical personnel per unit of population, are all located below the line of perfect equality and that the areas between the Lorenz Curve and the line of perfect equality are all relatively small, which illustrates further the relative equality of the distribution of health care resources by population.
Lorenz Curve of distribution of health care resources by geographic area
Based on the data in Table 1 , and using a similar approach to that in the previous section, the number of health care institutions per 10,000 square kilometers, the cumulative areas, the cumulative number of health care institutions, the cumulative percentage of areas and the cumulative percentage of health care institutions can be found. The results of sorting these data by the number of health care institutions per 10,000 square kilometers are shown in Table 5 . We can draw a Lorenz Curve for the cumulative percentage of health care institutions by defining the X-axis as the cumulative percentage of the areas and defining the Y-axis as the cumulative percentage of health care institutions according to the data above, and this is shown in fig. 6 . Similarly, the Lorenz Curve for the distribution of the number of beds in health care institutions by geographic area and the distribution of medical personnel by geographic area can be drawn, as shown in figures 7 and 8 respectively. Taken together, the area between the Lorenz Curves for health care resource distribution by population and the line of perfect equality is much smaller than the areas between the Lorenz Curves for health care resource distribution by geographic area and the line of perfect equality. Therefore, we can expect that the Gini Coefficients obtained per unit of population will be far lower than the Gini Coefficients obtained in relation to the geographic area. In order accurately to represent the degree of inequality of health care resource distribution by population and by geographic area, we shall therefore now apply the Gini Coefficient to the study of the inequality of health care resource distribution in China to see this situation in detail. Table 6 . 
Discussions
On basis of the above methods, which use Lorenz Curves to derive the Gini Coefficients, this paper reports on a comparative analysis of the inequality of health care resource distribution in China. It shows that health care resource distribution appears equal when considered in demographic terms than when presented in terms of geographic distribution. All the Gini Coefficients for health care resource distribution by population are below 0.2, the Gini Coefficients for the number of health care institutions, of beds in health care institutions and of numbers of medical personnel being 0.19, 0.07 and 0.07 respectively. However, the Gini Coefficients for health care resource distribution by geographic area are 0.616, 0.639 and 0.65 respectively, which means that the geographic distribution of health care resources in China exhibits a high level of inequality. We should not say either the demographic or the geographic approach provides a more useful picture separately. They are both useful for investigation on the equality of medical healthcare resource allocation in China. The paper shows that coefficients expressed by population imply there is ready access to healthcare in all regions, whilst the Coefficients by geographical area apparently indicate inequality. However, this simply is the result of the sparsity of population-there is little point in providing significant resources where few people live. This situation does affect the access to healthcare by those scattered people more or less. We are glad to see that Chinese government is trying to allocate more medical healthcare resource to these areas-not because of inequality of medical healthcare resource allocation, but for better medical and health conditions for Chinese people.
Conclusion
Based on the analysis conducted in this paper, we find that the equality of China's demographically assessed distribution of health care resources is greater than that of its geographically measured distribution. Coefficients expressed by population imply there is ready access to healthcare in all regions, whilst the Coefficients by geographical area apparently indicate inequality. This simply is the result of the sparsity of population. Most of China's health care resources are distributed within the developed provinces, especially in large cities and in large hospitals; while, in the remote and developing provinces, fewer health care resources are allocated.
